The effect of histones on accessibility of DNA to DNase in chromatin of thymus nuclei has been studied by selective extraction of either lysine-rich or arginine-rich histones. It was found that all histones block accessibility but that, weight for weight, lysine-rich histones block much more effectively than do arginine-rich histones. We point to the contrast between accessibility of DNA to DNase and of DNA to RNA polymerase, and to what may be the similarity between accessibility to DNase and DNA polymerase.
the amount of histone extracted increases; if the alcohol concentration is held constant at 80%/0, while the concentration of acid is raised from 0.03 to 0.14 N, the amount of histone extracted also increases. By either procedure, only about 7% of the extracted histone is of the lysine-rich type, and no more than a trace of nonhistone protein is removed. These selective extraction procedures have been used in this laboratory before (2, 3) ; those involving the use of alcoholHCl were derived from a procedure of Johns et al. (12) .
The effect of histone removal on the activity of DNAdependent RNA polymerases has been studied a number of times, in most cases on chromatin extracted from nuclei rather than, as in the present experiments, on chromatin in the nucleus (4) (5) (6) . It is of interest to compare the accessibility of DNA in chromatin as reported from experiments on RNA polymerase with accessibility of DNA as revealed by the action of DNase.
MATERIALS AND METHODS
Nuclei were prepared from calf thymuses which, chilled in ice, reached the laboratory within 1.5 hr after excision. Nuclei were isolated in 0.25 M sucrose-3 mM CaCI2 or in 0.01 M citric acid by methods that have been described (7, 8) , and were stored at -60°. The DNase used was Kunitz's prep- aration (9) from pancreas, as supplied by Worthington.
Lysine-Rich Histone Was Extracted from the citric acid nuclei with 0.10 M citric acid-0.12 M NaCl. Nuclei containing about 270 mg of DNA were extracted twice by stirring in the cold for 30 min, each time with 45 ml. After centrifugation, the combined supernates were dialyzed against water to remove NaCl, and the histone was precipitated at room temperature with 10 volumes of acetone that contained 1 ml of HCl in 2 liters. The precipitated histone was washed in acetone, then in ether, dried in a vacuum dessicator, and weighed. The nuclear residue was repeatedly washed in the cold with 0.25 M sucrose-A mM MgCl2, and brought to a volume of 18 ml. Nuclei in this suspension were used for experiments on DNA digestion by DNase. An aliquot of the suspension was taken for DNA determination, which was done by extraction in 0.5 M perchloric acid at 700 for 30 min, followed by measurement of the absorbairce at 265 nm. The extracted protein was 22.8% (varying only slightly in several preparations) of the mass of the DNA in the nuclei. Polyacrylamide gel electrophoresis (Fig. 1, tube 2 ) and spectrophotometry on the stained gel showed that 90%O of the extracted protein was lysine-rich histone, the remainder of the material being mainly arginine-rich histone, so that lysinerich histone extracted was equivalent to 20.6% of the DNA in the nuclei. Practically all the lysine-rich histone was extracted by citric acid, for when arginine-rich histones were subsequently extracted in HCl, gel electrophoresis revealed no more than a trace of lysine-rich histone.
Arginine-Rich Histone Was Extracted from sucrose nuclei.
Before this was done a mass of nuclei was first thoroughly washed with 80%o alcohol to remove sucrose. Aliquots (containing 195 mg of DNA) of the nuclear suspension in 80% alcohol were taken for stepwise extraction of histones in alcohol-HCl solutions. Each nuclear sample was centrifuged, and the sediment was brought to 110 ml with alcohol-HCl, stirred rapidly at 40 for 30 min, and then centrifuged. Histone in the supernate was precipitated at room temperature by decantation into 500 ml of acetone, which contained 0.25 ml of HCl. The precipitate was washed in acetone, then in (10) ]. Tube 2 has 10,g of lysinerich histone extracted from nuclei by the citric-acid procedure described in the text. Tube 3 represents 10 Mg of histone extracted by the alcohol-HOl procedure. Lysine-rich histone is 7% of the total extracted histone, while the arginine-rich histones are extracted in the same proportion to each other as they occur in native total histone. There was no evidence that the arginine-rich histones were fractionated by the ethanol-HC1 extractions in the range of concentrations used in these experiments. Panyim and Chalkley's electrophoretic system (11) , which resolves histones III, IIa, and IIb, was used to confirm this observation. Johns et al. (12) reported similar results, using the analysis of N-terminal amino acids as a criterion of the fractionation of arginine-rich histones by the range of ethanol-HCl concentrations used here.
ether, dried in a vacuum dessicator, and weighed. The amounts of histone extracted in various alcohol-HCl solutions are given in Table 1 . Electrophoresis (Fig. 1, tube 3 ) and spectrophotometry on the gel showed that there was no nonhistone protein in these preparations. Lysine-rich histone accounted for 7% of the total histone. The nuclear sediment remaining after extraction of histone was washed once with 80% alcohol, and then repeatedly at 40 with 0.25 M sucrose-4 mM CaCl2. This nuclear suspension was used for experiments on DNA digestion by DNase.
Effect of DNase on Selectively Dehietonized Nuclei. For each experiment a sample (volume from 0.6 to 0.9 ml) of the extracted nuclei containing 1.03 mg of DNA phosphorus was suspended in 100 ml of 0.25 M sucrose-3 mM MgC12-5 mM sodium phosphate buffer (pH 7.0). A 16-ml sample of the suspension was pipetted into each of six tubes, which were The amount of histone extracted from each preparation of nuclei is expressed as a percentage of the amount of DNA Digestion follows the same course when nuclei are isolated in sucrose (as above) or in 0.01 M citric acid, or when sucrose nuclei are extracted with 80% alcohol (containing no HCl). In all cases digestion is in the same medium. The difference between this Table and Table 2 in a previous paper (1) is due to the use of different preparations of DNase. The same preparation of enzyme was used in all the experiments reported in this paper.
placed in a 260 bath. Graded amounts of DNase were added to the tubes (the largest volume added being 0.8 ml), and they were stirred. At each time indicated in Tables 2-7, 2.0 ml were withdrawn and added to 1 ml of ice-cold 0.50 M perchloric acid. The absorbance at 265 nm was a measure of the quantity of DNA in the nuclei digested by the DNase.
RESULTS AND DISCUSSION
The results given in Tables 2-6 show how digestion by DNase proceeds at various concentrations of enzyme. Data for digestion at a single time and for a single concentration of DNase facilitate a comparison of the various nuclear preparations (Table 8) . If one compares intact nuclei with nuclei from which all lysine-rich histone has been extracted and those from which about the same amount or twice the amount of arginine-rich histone has been extracted, it is clear that access to DNA by the enzyme is increased by removal of either type of histone, but that, weight for weight, removal of lysine-rich histone is decidedly more effective in making DNA accessible to DNase. Experiments, to be reported in another paper, on addition of histones to intact nuclei, to nuclei from which lysine-rich histone has been extracted, or to nuclei from which argininerich histones have been extracted show that addition of any type of histone restricts accessibility to DNA by DNase. As in the experiments reported here, weight for weight, lysine-rich histone when added blocks accessibility much more effectively than does arginine-rich histone; and, furthermore, results with several fractions of arginine-rich histone differ from each other.
The data presented here on the differences between lysinerich and arginine-rich histones in blocking accessibility to DNA recall the observations on the fine structure of chromatin made in this laboratory (2, 3) concerning the loosening of chromatin structure by selective extraction of lysine-rich or arginine-rich histones. As in the present experiments, it was found that removal of lysine-rich histone was far more effective than the removal of the same amount of argininerich histone in decondensing chromatin, and also that addition of lysine-rich histone was more effective in condensing chromatin when added to nuclei from which this histone had been selectively extracted. Despite a certain resemblance between the effects of selective histone extraction on. accessibility of DNA to DNase and on the decondensation of chromatin, we do not know whether these two events are really linked. * The difference in the effects of lysine-rich and argininerich histones on the fine structure of chromatin has been "questioned" by Smart and Bonner (13) , who point out that "so far as the properties of chromatin which we studied are concerned, all classes of histones appear to contribute nearly equally." Even if this statement holds for the properties studied by them, there is no reason to "question" the differences observed in the structure of chromatin as shown by electron microscopy when lysine-rich and arginine-rich histones are selectively extracted; if the striking differences (5) indicate that removal of lysine-rich histone did not significantly change "the templating properties of" DNA, but that removal of arginine-rich histone brought about a considerable change; in the terms used in the present paper, (19) (20) (21) , "an indication that the cytoplasm may influence the composition of chromosomes and presumably their behavior" (22) . The amounts of the various histones, on the contrary, in relation to quantity of DNA are about the same in many cell types. A question that arises here is whether the nonhistone proteins block access of DNase to DNA. The evidence presently available is that they do not, for the course of action of DNase on calf liver nuclei (whether prepared in sucrose or in 0.01 N citric acid) is just the same as on thymus nuclei, although liver nuclei contain far more nonhistone protein; the figures in Table 2 
